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Abstract

Neospora caninurhas emerged as a major cause of abortion in cattle in many countries. This
paper reviews recent advances in the life cycle and biologyiesfsporawith the emphasis on
bovine neosporosis. The role of the recently discovered oocyst stdgeahinumn the epidemi-
ology of neosporosis is discussed. Progress made in serologic diagndsisariinuminfection
is discussed. There is no vaccine for preventifepsporainduced abortions in cattle or to prevent
oocyst shedding in dogs. Published by Elsevier Science B.V.
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1. Introduction

Neosporosis has emerged as a serious disease of cattle and dogs during the last five years.
Since the first recognition of the disease in 1984 (Bjerkas et al., 1984) and the description
of the new genubleosporaand the type specidé. caninum(Dubey et al., 1988a), over 250
publications have appeared in the literature. An earlier review in 1996 covered its history
and biology in detail, and listed 193 references (Dubey and Lindsay, 1996). Therefore, in
the present paper most of the references prior to 1996 are not repeated. In this review, recent
advances in the life cycle and biology Beosporare discussed, with the emphasis on
bovine neosporosis.

2. Life cycle and general biology

Neospora caninurs the type species of the genus. Recently, another spétibaghesi
has been proposed for the parasite in the horse (Marsh et al., 1998); it will be discussed
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Fig. 1. Life cycle ofNeospora caninum

under the section on neosporosis in horses. The predicted coccidian nature of the parasite
was recently confirmed (Fig. 1) when its oocyst was found in dog feces (McAllister et al.,
1998a). Thus, dogs can serve both as intermediate and definitive hosts. In addition to dogs,
cattle and horses discussed in this revitwcaninumhas been found in tissues of sheep
(Dubey et al., 1990), goats (Dubey et al., 1992; Barr et al., 1992), and deer (Woods et al.,
1994; Dubey et al., 1996b). Antibodiestocaninunmwere demonstrated in sera of naturally
exposed water buffaloes, coyotes, red foxes, and camels suggesting that these hosts are also
natural intermediate hosts fo&. caninum(Lindsay et al., 1996a; Buxton et al., 1997c;
Simpson et al., 1997; Dubey et al., 1998c; Hilali et al., 1998; Huong et al., 1998). Cats,
mice, pigs, rats, gerbils, foxes, and monkeys may be induced to be experimental intermediate
hosts. Tachyzoites and tissue cysts are the stages found in the intermediate hosts and both
are intracellularNeospora caninurtachyzoites are approximately-62 um. Tissue cysts
are round to oval in shape, up to 10m long and are found in the central nervous system
including the retina (Dubey et al., 1988a; Dubey and Lindsay, 1996). The cyst wall is up to
4 um thick and the enclosed bradyzoites are Zum. Tissue cysts have also been found in
peripheral nerves of a horse (Daft et al., 1996) and once in an ocular muscle of a congenitally
infected foal (Lindsay et al., 1996b).

Little is known concerning the development and tissue distributioN.ofaninumin
animals that become infected via natural routes of transmission. Tissue cysts were found
in the brains of parenterally inoculated mice as early as 17 days post inoculation (McGuire
etal., 1997b). Most tissue cysts were abouf.80in diameter, although some were 10w
(McGuire et al., 1997b) and they could be separated from mouse brain homogenate using a
Percoll gradient (McGuire et al., 1997&)eospora caninurhas also been demonstrated in
bovine fetal brain 31 days post-inoculation of the dams with tachyzoites (Dubey et al., 1992;
Barr et al., 1994b). Little is known of the oral infectivity of tissue cysts and tachyzoites
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for carnivores following ingestion or oral inoculation, although McAllister et al. (1998b)
reported that tissue cysts derived from experimentally infected mice were not infective to
cats when given orally.

Dogs fed tissue cysts may shed unsporulated oocysts (McAllister et al., 1998a; Lindsay
et al., 1999). Oocysts can sporulate outside the host within 24 h (Lindsay et al., 1999).
Sporulated oocysts contain two sporocysts each with four sporoziigespora caninum
oocysts are 10-1im in diameter and are morphologically indistinguishable fidam-
mondia heydorniiound in canine feces, arfdxoplasma gondandHammondia hammondi
in cat feces. It is worth noting that McAllister and colleagues (1998a) showed that only a
few N. caninumoocysts were shed in dog feces and 1 of 3 dogs that shed oocysts did
not seroconvert ttl. caninum Neospora caninumocysts are not very infective to mice,
including immunosuppressed (J.P. Dubey, unpublished).

At present, nothing is known regarding the frequency of shedding of oocysts, the survival
of the oocysts in the environment, and whether canids other than domestic dogs are also
definitive hosts folN. caninum.

Susceptible hosts may become infected by ingesting food and water contaminatidd with
caninumoocysts from dog feces, however, this has so far only been shown experimentally in
laboratory mice (McAllister et al., 1998b). Experimentally, animals may become infected
lactogenically (Cole et al., 1995a) and calves have been infected orally by tachyzoites
added to milk (Uggla et al., 1998Neospora caninurhas been transmitted from mother
to fetus in cattle (Dubey et al., 1992; Barr et al., 1994b), sheep (Dubey and Lindsay, 1990;
McAllister et al., 1996b; Buxton et al., 1997b, 1998), goats (Lindsay et al., 1995b), mice
(Cole etal., 1995a; Long and Baszler, 1996; Liddell et al., 1999), dogs (Dubey and Lindsay,
1989b; Cole et al., 1995b), cats (Dubey and Lindsay, 1989a), monkeys (Barr et al., 1994a)
and pigs (Jensen et al., 1998). At the present time there is no satisfactory small animal
model to study the pathogenesisMf caninuminfection. WhileN. caninumis not very
infective to outbred Swiss Webster mice, tissue cysts do occasionally develop (Dubey et al.,
1988b). However, inbred BALB/c mice are more susceptible to the parasite (Lindsay et al.,
1995a), with C57 BL/6 and BALB/c apparently being more susceptible than B10.D2 mice
(Long et al., 1998). The availability of mice with selective genetic/immunologic defects is
advantageous to study the immune mediatioN .afaninuminfection (Dubey and Lindsay,
1996; Sawada et al., 1997). In the mouse model, immuniy; taninumis at least partially
mediated by IL-12 and interferon gamma (Khan et al., 1997; Kasper and Khan, 1998).
Thus the commercially available gamma-interferon knock-out mice can be used to isolate
N. caninumfrom tissues of naturally infected animals (Dubey et al., 1998b). Although it
would be desirable to study. caninumimmunity directly in ruminants, and this has been
done to a limited extent (Harkins et al., 1998; Lundén et al., 1998; Marks et al., 1998),
ruminant models are expensive and reagents are limited.

The mechanisms of primary and repeat congenital transmission of infection are unknown.
Whether the repeat congenital infections which occur in dogs and cattle are due to relapse
of the primary infection, or to reinfection, is unclear. AlthoughcaninumandT. gondiiare
structurally, genetically, and antigenically closely related (McAllister et al., 1996¢; Beckers
et al., 1997; Homan et al., 1997; Howe et al., 1997, 1998; Howe and Sibley, 1997; Sun-
dermann et al., 1997; Tenter and Johnson, 1997; Carreno et al., 1998; Kasper and Khan,
1998; Lindsay et al., 1998) caution should be exercised in making generalizations based
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on the biology ofT. gondiibecause both parasites induce biologically distinct diseases. For
example,T. gondiidoes not cause clinical disease in cattle and repeat congenital toxoplas-
mosis in animals other than rodents is rare. Also, the study by Long et al. (1998) illustrates
different immunological control dil. caninumas compared witf. gondii

3. Neosporosis in cattle
3.1. Prevalence

Neospora caninumaffects both dairy (Dubey and Lindsay, 1996) and beef cattle (Hoar
et al., 1996; Waldner et al., 1998). It is a major cause of abortion in dairy cattle in the U.S.
(Anderson et al., 1991, 1995), New Zealand (Thornton et al., 1991), and the Netherlands
(Wouda, 1998). Recently, boviré. caninuminfection has been reported from Argentina
(Campero et al., 1998 ); Belgium (de Kruif et al., 1997); Canada (Duivenvoorden and Lusis,
1995; Paré et al., 1998); Denmark (Agerholm et al., 1997); Germany (Conraths et al., 1996;
Schares et al., 1997,1998); Hungary (Hornok et al., 1998); Italy (Magnino et al., 1998);
Japan (Yamane et al., 1997); Mexico (Morales et al., 1998); New Zealand (Reichel and
Drake, 1996; Cox et al., 1998); Spain (Fondevila et al., 1998); Sweden (Stenlund et al.,
1997); United Kingdom (Graham et al., 1996; Buxton et al., 1997a; Davison et al., 1997;
Otter, 1997; Otter and Wilson, 1997; Otter et al., 1997; Caldow, 1998); United States (Dubey
etal., 1997; Thurmond et al., 1997; Paré et al., 1997; Hattel et al., 1998); Zimbabwe (Jardine
and Wells, 1995). Based on serologic surveys, up to 100% of cattle in some herds have been
exposed tdN. caninum(Dubey and Lindsay, 1996; Paré et al., 1996, 1997; Dubey et al.,
1997; Gottstein et al., 1998; Reichel, 1998; Waldner et al., 1998).

3.2. Clinical signs

Clinical signs have only been reported in individual calves younger than two months
of age. Abortion is the only clinical sign observed in adult cows. Cows of any age may
abort from 3 months of gestation to term. Md#&osporainduced abortions occur at 5-6
months of gestation. Fetuses may die in utero, be resorbed, mummified, autolyzed, stillborn,
born alive but diseased, or born clinically normal but chronically infected. Within herds,
abortions may be clustered, sporadic or epidemic (Yaeger et al., 1994; Dubey and Lindsay,
1996; McAllister et al., 1996a; Moen et al., 1998; Wouda et al., 199%8b)spora caninum
induced abortions occur year round. Cows withcaninumantibodies (seropositive) are
more likely to abort than seronegative cows (Thurmond et al., 1997; Moen et al., 1998;
Wouda et al., 1998b).

Neospora caninurAnfected calves may be born underweight, unable to rise and with
neurologic signs. Hind limbs and/or forelimbs may be flexed or hyper-extended and neu-
rologic examination may reveal ataxia, decreased patellar reflexes, and loss of conscious
proprioception. Exophthalmia or an asymmetrical appearance of the eyes may also be
observed.
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3.3. Current methods of diagnosis

Presence of specific antibodies in serum from an aborted cow is only indicative of ex-
posure taN. caninum Several serologic tests can be used to détecaninumantibodies
including ELISA, the indirect fluorescent antibody test (IFAT), and the direct agglutination
test (Conrad et al., 1993a; Bjorkman et al., 1994; Paré et al., 1995; Baszler et al., 1996;
Conraths et al., 1996; Dubey et al., 1996, 1997; Lally et al., 1996b; Bjorkman et al., 1997;
Jenkins et al., 1997; Williams et al., 1997; Bjérkman and Lundén, 1998; Osawa et al., 1998;
Packham et al., 1998; Romand et al., 1998; Wouda, 1998; Wouda et al., 1998a). Reagents
for some of these tests are available commercially. Bjérkman et al. (1999) described an
IgG avidity ELISA with the potential to discriminate between recent and chidhizan-
inum infections in cattle. This assay is likely to become a valuable complement to IgG
assays in epidemiologic studies of bovidecaninuminfections. Recently, Schares et al.
(1999b) found with a newly developed ELISA serological differences betiMeeaninum
associated epidemic and endemic abortions. Within the group of animals tested seropositive
by IFAT and immunoblot dams from herds with caninurmassociated endemic abortions
had significantly higher ELISA indices than dams from herds Witltaninumassociated
epidemic abortions.

A definitive cut-off titer for serodiagnostic purposes has not been established for bovines
because of the uncertainty of serologic diagnosis in chronically infected animals and the lim-
ited availability of sera from noninfected cattle. In serological assays, titer and absorbance
values are dependant on antigen composition, secondary antibodies and other reagents. Fur-
ther, cut-off values can be arbitrarily selected to provide sensitivity and specificity requested
for the particular application. The age of the animal may also affect selection of a given cut-
off value. For example, an IFAT titer of 1: 640 (Conrad et al., 1993b) or 1: 200 (Dubey et al.,
1997) has been considered indicativéNotaninumnfection in adult cattle, whereas much
lower values (1 :80) have been selected as cut-off values for samples from bovine fetuses
(Barr et al., 1995). The situation may be different for adult cattle sera probably because
the latter have been exposed to a very great diversity of antigens. Altiéuganinum
is closely related td. gondii, Sarcocystispp. and other apicomplexans, cross-reactivity
has not been a major issue in animals experimentally-infected\Wvitaninumand related
apicomplexans (Dubey et al., 1996a; Wouda et al., 1998a).

Examination of the fetus is necessary for a definitive diagnosis of neosporosis. Ideally,
the entire fetus should be submitted but if this is not possible then samples from brain, heart,
and liver should be examined for histopathological changes and body fluids or blood serum
for serologic evaluation. Althougl. caninuninfection can cause lesions in several organs,
fetal brain is the most consistently affected tissue. The most characteristic lesion is focal
encephalitis characterized by necrosis and nonsuppurative inflammation. Hepatitis is more
common in epidemic than sporadic abortions (Wouda et al., 1997b). Because most aborted
fetuses are likely to be rapidly autolyzed, even semi-liquid brain tissue should be fixed in
10% buffered neutral formalin for histologic and immunohistochemical (IHC) examination.
There are no pathognomonic gross lesions of neosporosis. Although a presumptive diagnosis
may be made by examination of hematoxylin and eosin (H and E) stained sections, IHC is
necessary because there are often only aNewaninumpresent in autolyzed tissues and
these are often not visible in H and E stained sections (Lindsay and Dubey, 1989; Dubey and
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Lindsay, 1996). Only rarely ard. caninumorganisms sufficiently numerous to be found
in each histologic section (Dubey et al., 1998a). The sensitivity of even the most efficient
method (IHC) to detedt. caninumin tissues is low.

FindingN. caninurmantibody in fetal serum or precolostral calf serum indicates infection,
but a negative result in a fetus is less useful as antibody synthesis in the fetus is dependent
on the stage of gestation, level of exposure, and the time between infection and abortion
(Barr et al., 1995; Wouda et al., 1997a).

Barr et al. (1995) found IFAT titers (1 : 80) in 50% of neosporosis-confirmed fetuses and
in only 1 of 64 fetuses aborted due to other causes. Wouda et al. (1997a) found low IFAT
titers (1:25) in 65% (31 of 48) of fetuses immunohistochemically positivé\faraninum
and in 0 of the 39 fetuses aborted due to other causes. Thus, there is no reason to doubt
that even a low IFAT titer of 1:25 is specific in fetuses. In congenitally infected calves,
precolostral serum from live calves, and brain and spinal cord from dead calves are the best
specimens for establishing diagnosis.

Considerable progress has been made in defining antigétscaihinumby polyclonal
antibodies (Barta and Dubey, 1992; Bjerkas et al., 1994; Hemphill, 1996; Hemphill and
Gottstein, 1996; Hemphill et al., 1996; Marks et al., 1998; Harkins et al., 1998), by mon-
oclonal antibodies (Table 1) (Cole et al., 1994; Baszler et al., 1996; Sundermann et al.,
1997; Bjorkman and Hemphill et al., 1998; Howe et al., 1998; Schares et al., 1999a) and
by molecular biological techniques (Table 2) (Ho et al., 1996, 1997a, b; Holmdahl and
Mattsson, 1996; Kaufmann et al., 1996; Lally et al., 1996a; Miiller et al., 1996; Payne and
Ellis, 1996; Yamage et al., 1996; Hemphill et al., 1997a, b; Lally et al., 1997; Louie et al.,
1997; Marsh et al., 1997; Asai et al., 1998; Ellis, 1998; Ellis et al., 1998; Fuchs et al., 1998;
Gottstein et al., 1998; Hemphill et al., 1998; Liddell et al., 1998; Sasai et al., 1998; Sonda
etal., 1998).

Three recombinant proteins bf. caninumhave been used for the diagnosis of bovine
neosporosis (Lally et al., 1996b; Jenkins et al., 1997; Louie et al., 1997).

Several monoclonal antibodies have been recently developed ajaestinumachy-
zoites (Table 1), but their efficiency in immunohistochemical (IHC) identificatiofN of
caninumhas not been reported. There is an urgent need for a commercially available
N. caninumspecific monoclonal antibody for IHC because polycloNalcaninumanti-
bodies sometimes cross react wikhgondii (Dubey and Lindsay, 1996). Although the
monoclonal antibody reported by Cole et al. (1993, 1994) specifically détecninum
in tissue sections by IHC, it has not been produced commercially because of technical
problems.

Several polymerase chain reaction (PCR) methods have been reported tdNdegaTt
inum DNA (Ho et al., 1996, 1997a, b; Holmdahl and Mattsson, 1996; Kaufmann et al.,
1996; Lally et al., 1996a; Miller et al., 1996; Yamage et al., 1996; Ellis, 1998; Ellis et al.,
1998). These different PCR methods have not yet been evaluated critically for the diagnosis
of N. caninuminduced abortion in cattle. Using the PCR method described by Miiller et al.
(1996), Gottstein et al. (1998) examined 83 bovine fetuses from Switzerland for protozoal
abortion.Neosporaspecific DNA was found in 24 (29%), afid gondiispecific DNA was
found in 4 (5%) fetuses. These findings are interesting and need confirmation because Ellis
(1998) in Australia also found. gondiiDNA in 2 of 40 aborted bovine fetuselNgospora
DNA was found in 16 of the 40 fetuses. The findings by Gottstein et al. (1998) and Ellis



Table 1

Characterization of the molecular weights (kDa), immunofluorescence and immunoelectron-microscopical pattern of Neospora caninum tachyzoite antigens recognized
by monoclonal antibodies (MAB)

MAB Non-reduced Reduced Epitope is sodium Immuno- Immunoelectron Reference

antigen® antigen® m-periodate sensitive  fluorescence” microscopy”
6G7 ND*¢ 97.4,90,80,70, ND SURF SURF (PRE), PV, DG,  Cole et al. (1994)

43,38.5, 34,31 MIC, RHOP

4A4-2 ND 65 Yes SURF ND Baszler et al. (1996)
D9 ND 42 ND INT (DG?) DG Sundermann et al. (1997)
Ncmab-4 30/32 30/32 No SURE, INT SURF, DG Bjorkman and Hemphill (1998)
Ncmab-7 18 18 Yes SURF, INT SURF (PRE) Bjorkman and Hemphill (1998)
Ncmab-10 and -17 41 41 No INT (DG (?) SURF (PRE) Bjorkman and Hemphill (1998)
Ncmab-13 and -24 ¢ 61 No INT (apicalend) - Bjorkman and Hemphill (1998)
SHS and 4H7 35 ND ND ND SURF Howe et al. (1998)
6C11 29 ND ND ND SURF Howe et al. (1998)
1.11.1 40 (38, 36) - Yes SURF - Schares et al. (1999a)
5.2.15 38 (36, 33) - No SURF SURF Schares et al. (1999a)
4.11.5 33(28,42,22) 33(28,24,22) No INT (DG?) DG, PV Schares et al. (1999a)
4.7.12 19 19 No SURF - Schares et al. (1999a)

# Values in paretheses indicate the molecular size of additional faint reactivities.
b SURF: surface, INT: internal, PV: parasitophorous vacuole, SURF (PRE): surface in pre-embedding immunoelectron microscopy, DG: dense granules, MIC: mi-
cronemes, RHOP: rhoptries.

¢ND: No data.

4 No reactivities observed.
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Table 2

Cloned Neospora caninum antigens®

Name Size Other Genbank Similar to T.gondii Tachyzoite Bradyzoite or Reference
(kDa) name Accession No. (or other) proteins® location tissue cyst location
NCDG1 33 Nc4.1 U82229 (full length) GRA-7 DG ND Lally et al. (1997)
Nc2.1 U72991 31% (see p. 33) Lally et al. (1996b)
p.33 U36386
NCDG2 37 Ncl14.1 AF029350 (full length) GRA-6 DG, SURF ND Lally et al. (1996b)
U36387 47% Liddell et al. (1998)
14-3-3 ND Ncl3.1 U31542 14-3-3  eukaryotic ND ND Lally et al. (1996a)
family 60%
Nc19.2 30 Nc14.3 NYS BAG1/ BAG1 +ve by IFAT ND To be published by Liddell and as-
sociates.
28%
p. 36 36 Ncp29 AF060861 (full length) SAG1 SURF, DG, PV network  Negative Hemphill et al. (1997b)
potentially
NcSAG1  AJ005664 >50% Fuchs et al. (1998); Sonda et al.
(1998)¢
p.43 43 Ncp35 U93870 SAG3 SURF, DGRHOP, TMP Positive Hemphill and Gottstein (1996)
NcSRS2¢ 23% Hemphill (1996); Hemphill et al.
(1997a); Fuchs et al. (1998)
p33 33 NCDG1 see NCDG1 see NCDG1 DG, PV membrane, and Punctate staining of Hemphill etal. (1998); Fuchs et al.
PV network potentially interior plus possibly  (1998)
cyst wall
NcNTP 67 - AB010444 NTPase DG ND Asai et al. (1998)
NTPase® 69%
NcSAG1 29 p. 36 see p. 36 see p. 36 SURF ND Howe et al. (1998)
p29 (see p. 36)
Ncp29
NcSRS2 35 p. 43 AF061249 SRS2 SURF ND Howe et al. (1998)
p-35 41% (see p. 43)
Ncp35
N57 34,31, 30,28 NCDG1 NYS See NCDG1 See NCDG1 and p 33 See p. 33 Louie et al., 1997
N54 97, 87, 77, 67, 64 - U76556 - ND ND Louie et al. (1997)

(plus minor bands of
28 to 64 and above
118)

2NYS: not yet submitted, ND: no data, DG: dense granules, SURF: surface, TMP: inner and outer surface of the triple membrane pellicle.
b Percent identity at amino acid level.

¢ most recent paper by Sonda et al. (1998) indicates only tachyzoite surface.

4 SRS2: surface antigen 1-related sequence 2.
¢ NTPase: nucleoside triphosphate hydrolase. Neospora NTPase is most similar to NTPasel of 7. gondii, which has been associated only with virulent strains of 7. gondi.
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(1998) suggest we should re-examine the question of whéthgandiiis an abortifacient

in cattle as until nowr. gondiiis not considered to be so (Dubey and Beattie, 1988).
Isolation ofNeosporan cell culture is rarely possible because most organisms in bovine

fetuses die with autolysis of host cells (Conrad et al., 1993a).

3.4. Economic impact

As stated earlier, a major effectif caninuninfections in cattle is abortion, and in some
geographic regions up to 42.5% of abortions are attributable to neosporosis (Anderson et al.,
1991, 1995). The economic impact will depend on the indirect costs, as well as on the value
of fetuses lost. Indirect costs include professional help and costs associated with establishing
diagnosis, re-breeding, increased lactation time, possible loss of milk yield, and replacement
costs if aborted cows are culled (Thurmond and Hietala, 1996, 1997a, b). In one study in
California, Neosporaseropositive heifers produced approximately 1 kg less milk than did
their seronegative herd mates (Thurmond and Hietala, 1997biNaosporaseropositive
cows were culled 6 months earlier thilBosporanegative cows.

There are no firm data on the economic losses due to neosporosis in the cattle industry
anywhere in the world. The best available figures are that between 20 and 43% of all bovine
abortions in California (Anderson et al., 1991, 1995) and in 15 to 20% in The Netherlands
(Wouda et al., 1997b) are due to neosporosis. It has been estimated that economic losses in
California directly related tdleosporaabortions amount to approximately $35 million per
year. According to J.P. Reynolds, a mid-term abortion probably costs the producer $600 to
1000 each It is estimated that 5 to 15% of pregnancies end in abortions in Californian
herds and about 33% of these are dublémsporaBased on a figure of 1.2 million dairy
cows in California, approximately 40,000 abortions could be due to neosporosis, providing
rationale for the $35 million per year estimate. In Australia, it is estimated that neosporosis
costs the dairy industry $85 million and the beef industry $25 million annually (Ellis, 1997).
However, all these figures are estimates and there is an urgent need for a scientific study
into the economic importance of bovine neosporosis.

3.5. Epidemiology and control

Neospora caninuns efficiently transmitted vertically in cattle, even for several gener-
ations (Bjorkman et al., 1996; Anderson et al., 1997; French et al., 1998; Schares et al.,
1998) but horizontal transmission seems to be necessary to introduce new infections in the
herd (Paré et al., 1996, 1997; Thurmond et al., 1997; Wouda et al., 1998c; French et al.,
1998; Schares et al., 1998). No horizontal cow to cow transmission has been demonstrated.
Until the recent discovery of the oocyst, environmental transmissidh c&ninunto cows
was unexplained. Seroepidemiologic data support the role of the dog in the life cy¢le of
caninungParé et al., 1998; Sawada et al., 1998; Wouda, 1998). Although nothing is known
at present regarding the frequency of sheddinly.ofaninumoocysts by canids in nature,

1 Neosporosis: its prevalence and economic impact. Supplement to Compendium on Continuing Education for
the Practicing Veterinarian. 1998; 20: 1-16. Participants in alphabetic order. Barr, B.C., Dubey, J.P,, Lindsay, D.S.,
Reynolds, J.P., Wells, S.J.
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the resistance of the oocysts, and whether dogs shed oocysts more than once, it is prudent
to protect feed and water from contamination with dog feces. Dogs should not be allowed
to eat aborted fetuses, fetal membranes or dead calves. There is no vaccine for preventing
Neosporainduced abortion in cattle or to prevent oocyst shedding in dogs. Prevention of
transmission of the parasite from dam to the fetus has not been demonstrated while the
culling of seropositive cows as a means of redudihganinuminfections in a herd has

been suggested it is impractical in high prevalence herds.

4. Equine neosporosis

Neosporainfections have been reported from an aborted foal (Dubey and Porterfield,
1990), a congenitally infected foal (Lindsay et al., 1996b), a 10-year-old horse (Gray
et al., 1996), a 19-year-old horse with Cushing’s disease (Daft et al., 1996), a 20-year-old
horse with pituitary tumor (Hamir et al., 1998) and an 11-year-old Quarter Horse gelding
(Marsh et al., 1996)Neosporaorganisms were isolated from the 11-year-old horse and
described as a new specidt, hughesibased primarily on molecular differences (Marsh
et al., 1998). No differences were found between the small subunit ribosomal RNA gene
from the canine, bovine and equine isolateblebsporaHowever, in the ITSIN. hughesi
had seven nucleotide differences fridncaninumand no structural and molecular differ-
ences were found between isolatesN&#fosporafrom dogs and cattle, confirming earlier
findings by Holmdahl et al. (1997).

Tissue cysts oN. hugheswere smaller thaN. caninunwith thinner cyst walls£1.0pm
thick), and bradyzoites were smaller than thos&lotaninum(Marsh et al., 1998). It is,
however, not clear at the present time whetRehughesis the sole species dfeospora
that infects horses or ifl. caninumalso occurs in the horse. As mentioned, thick-walled
tissue cysts characteristic Nf caninumwere reported from a horse from California (Daft
et al., 1996) and a congenitally infected foal from Wisconsin (Lindsay et al., 19964, b).

Recently, antibodies tN. caninumwere found in 21% of 296 horses slaughtered in the
United States (Dubey et al., 1999).

5. Canine neosporosis
5.1. Prevalence and distribution

Arecent serological survey in Japan reported a higher prevaletdteahinuminfection
in dogs on dairy farms with abortions (31% of 48 dogs) compared with dogs from urban
areas (7% of 198) (Sawada et al., 1998). Serawere screened ata 1 : 50 dilution in IFAT. In the
most comprehensive survey reported so far, Barber et al. (1997a) tested 1554 dogs from three
continents folN. caninumantibodies at a 1: 50 dilution in the IFAT. The seroprevalences
were 9% of 451 dogs in Australia; 20% of 414 dogs from Uruguay, South America; 0.2% of
500 dogs from the Falkland Islands; and 0 of 140 dogs from Kenya (Barber et al., 1997a).
In another study, Barber et al. (1997b) repomfieataninumantibodies in 11% of 300 dogs
from Belgium. Antibodies tdN. caninumwere found in 22% of 200 dogs from New Zealand
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(Reichel etal., 1998). Cringoli et al. (1996) found IFAT antibodies in 29% of 194 dogs from
Italy.

5.2. Clinical infections

A review of recent reports (Barber et al., 1996; Barber and Trees, 1996; Little, 1996;
Longshore, 1996; Pumarola et al., 1996; Rasmussen and Jensen, 1996; van Ham et al.,
1996; Patitucci et al., 1997; Weissenbdck et al., 1997; Barber and Trees, 1998; Dubey et
al., 1998b; Koudela et al., 1998; Pasquali et al., 1998; Reichel et al., 1998), indicates that
most cases of clinical neosporosis in dogs were in congenitally infected young animals. An
unusual presentation of neosporosis is dermatitis, so far reported in six adult dogs (Dubey
et al., 1988a, 1995; Fritz et al., 1997; Perl et al., 1998; Poli et al., 1998; D.S. Lindsay,
unpublished). One outstanding feature of these cases is the severe parasitism, with large
numbers of tachyzoites present. Whether these cases are a result of an underlying immun-
odeficiency or associated with infections with particular different strainé. @aninumis
worth investigation.

No new information is available regarding serologic diagnosis and treatment of infected
dogs. Sulfonamides, pyrimethamine and clindamycin are drugs that may be attempted to
treat canine neosporosis (Dubey et al., 1995; Barber and Trees, 1996). Decoquinate, an
anticoccidial, killedN. caninumtachyzoites in cell culture (Lindsay et al., 1997). At present
there is no drug effective against tissue cysts.

Determination oN. caninumantibodies in serum can aid diagnosis. The IFAT has been
used most often to diagnose canine neosporosis with a highstilerg00) often indicative
of acute infection (Barber and Trees, 1996). It should be noted, however, that high titers
(1:12,800) were shown to persist for at least four years in two dogs (Barber and Trees,
1998) and clinical neosporosis (verified histologically and by isolation of the parasite)
was diagnosed in two dogs with IFAT titersl : 50 (Dubey et al., 1998b). There is little
information on IgM production in postnatally infected dogs. In two congenitally infected
animals, IgM was not detectable at a 1: 10 serum dilution (Dubey et al., 1998b).

Acknowledgements

I would like to thank Drs. Gereon Schares for preparing Table 1, Susan Liddell for
preparing Table 2, and Andrew Hemphill, Mark Jenkins, Julie Paré, Arvid Uggla, and
Willem Wouda for helpful suggestions.

References

Agerholm, J.S., Willadsen, C.M., Nielsen, T.K., Giese, S.B., Holm, E., Jensen, L., Agger, J.F., 1997. Diagnostic
studies of abortion in Danish dairy herds. J. Vet. Med. Assoc. 44, 551-558.

Anderson, M.L., Blanchard, P.C., Barr, B.C., Dubey, J.P., Hoffman, R.L., Conrad, P.A., 1984sporalike
protozoan infection as a major cause of abortion in California dairy cattle. J. Am. Vet. Med. Assoc. 198,
241-244.



360 J.P. Dubey/ Veterinary Parasitology 84 (1999) 349-367

Anderson, M.L., Palmer, C.W., Thurmond, M.C., Picanso, J.P., Blanchard, P.C., Breitmeyer, R.E., Layton, A.W.,
McAllister, M., Daft, B., Kinde, H., Read, D.H., Dubey, J.P., Conrad, P.A., Barr, B.C., 1995. Evaluation of
abortions in cattle attributable to neosporosis in selected dairy herds in California. J. Am. Vet. Med. Assoc.
207, 1206-1210.

Anderson, M.L., Reynolds, J.P., Rowe, J.D., Sverlow, K.W., Packham, A.E., Barr, B.C., Conrad, P.A., 1997.
Evidence of vertical transmission dfeosporasp. infection in dairy cattle. J. Am. Vet. Med. Assoc. 210,
1169-1172.

Asai, T., Howe, D.K., Nakajima, K., Nozaki, T., Takeuchi, T., Sibley, L.D., 198@0spora caninuntachyzoites
express a potent type-I nucleoside triphosphate hydrolase. Exp. Parasitol. 90, 277-285.

Barber, J.S., Payne-Johnson, C.E., Trees, A.J., 1996. Distributhideasipora caninurwithin the central nervous
system and other tissues of six dogs with clinical neosporosis. J. Small Anim. Pract. 37, 568-574.

Barber, J.S., Trees, A.J., 1996. Clinical aspects of 27 cases of neosporosis in dogs. Vet. Rec. 139, 439-443.

Barber, J.S., Gasser, R.B., Ellis, J., Reichel, M.P., McMillan, D., Trees, A.J., 1997a. Prevalence of antibodies to
Neospora caninurin different canid populations. J. Parasitol. 83, 1056—1058.

Barber, J.S., van Ham, L., Polis, I., Trees, A.J., 1997b. Seroprevalence of antibobliesspora caninunn
Belgian dogs. J. Small Anim. Pract. 38, 15-16.

Barber, J.S., Trees, A.J., 1998. Naturally occurring vertical transmissiblea$pora caninunn dogs. Int. J.
Parasitol. 28, 57—-64.

Barr, B.C., Anderson, M.L., Woods, L.W., Dubey, J.P., Conrad, P.A., 1992. Neospora-like protozoal infections
associated with abortion in goats. J. Vet. Diagn. Invest. 4, 365-367.

Barr, B.C., Conrad, P.A., Sverlow, K.W., Tarantal, A.F., Hendrickx, A.G., 1994a. Experimental fetal and
transplacentaNeosporanfection in the nonhuman primate. Lab. Invest. 71, 236—-242.

Barr, B.C., Rowe, J.D., Sverlow, K.W., BonDurant, R.H., Ardans, A.A., Oliver, M.N., Conrad, P.A., 1994b.
Experimental reproduction of bovine fetdéosporanfection and death with a boviriéeosporasolate. J. Vet.
Diagn. Invest. 6, 207-215.

Barr, B.C., Anderson, M.L., Sverlow, K.W., Conrad, P.A., 1995. Diagnosis of bovine Netasporainfection
with an indirect fluorescent antibody test. Vet. Rec. 137, 611-613.

Barta, J.R., Dubey, J.P., 1992. Characterization ofldetispora caninurhyperimmune rabbit serum by Western
blot analysis and immunoelectron microscopy. Parasitol. Res. 78, 689-694.

Baszler, T.V., Knowles, D.P., Dubey, J.P., Gay, J.M., Mathison, B.A., McElwain, T.F., 1996. Serological diagnosis
of bovine neosporosis byeospora caninumonoclonal antibody-based competitive inhibition ELISA. J. Clin.
Microbiol. 34, 1423-1428.

Beckers, C.J.M., Wakefield, T., Joiner, K.A., 1997. The expressidioxdplasmaroteins inNeospora caninum
and the identification of a gene encoding a novel rhoptry protein. Mol. Biochem. Parasitol. 89, 209-223.

Bjerkas, I., Jenkins, M.C., Dubey, J.P., 1994. Identification and characterizatdgospora caninurtachyzoite
antigens useful for diagnosis of neosporosis. Clin. Diagn. Lab. Immunol. 1, 214-221.

Bjerkas, I., Mohn, S.F., Presthus, J., 1984. Unidentified cyst-forming sporozoon causing encephalomyelitis and
myositis in dogs. Z. Parasitenkd. 70, 271-274.

Bjorkman, C., Lundén, A., Holmdahl, J., Barber, J., Trees, A.J., Uggla, A., 18&bspora caninunn dogs:
detection of antibodies by ELISA using an iscom antigen. Parasite Immunol. 16, 643-648.

Bjorkman, C., Johansson, O., Stenlund, S., Holmdahl, O.J.M., Uggla, A., 1986sporaspecies infection in a
herd of dairy cattle. J. Am. Vet. Med. Assoc. 208, 1441-1444.

Bjorkman, C., Holmdahl, O.J.M., Uggla, A., 1997. An indirect enzyme-linked immumoassay (ELISA) for
demonstration of antibodies deospora caninurm serum and milk of cattle. Vet. Parasitol. 68, 251-260.

Bjorkman, C., Hemphill, A., 1998. Characterization Méospora caninuniscom antigens using monoclonal
antibodies. Parasite Immunol. 20, 73-80.

Bjorkman, C., Lundén, A., 1998. Application of iscom antigen preparations in ELISAs for diagndéenepora
andToxoplasmanfections. Int. J. Parasitol. 38, 187-193.

Bjorkman, C., Naslund, K., Stenlund, S., Malcy, S.W., Buxton, D., Uggla, A., 1999. An IgG avidity ELISA to
discriminate between recent and chroNigospora caninurinfections. J. Vet. Diagn. Invest. 11, 41-44.

Buxton, D., Caldow, G.L., Maley, S.W., Marks, J., Innes, E.A., 1997a. Neosporosis and bovine abortion in
Scotland. Vet. Rec. 141, 649-651.

Buxton, D., Maley, S.W., Thomson, K.M., Trees, A.J., Innes, E.A., 1997b. Experimental infection of non-pregnant
and pregnant sheep wittieospora caninuml. Comp. Pathol. 117, 1-16.



J.P. Dubey/ Veterinary Parasitology 84 (1999) 349-367 361

Buxton, D., Maley, S.W., Pastoret, P.P., Brochier, B., Innes, E.A., 1997c. Examination of redfokess(vulpes
from Belgium for antibody tdNeospora caninurand Toxoplasma gondiVet. Rec. 141, 308-309.

Buxton, D., Maley, S.W., Wright, S., Thomson, K.M., Rae, A.G., Innes, E.A., 1998. The pathogenesis of
experimental neosporosis in pregnant sheep. J. Comp. Pathol. 118, 267-279.

Caldow, G.L., 1998. Bovine abortion outbreak associated We&bsporaand other infectious agents. Vet. Rec.
142,118-119.

Campero, C.M., Anderson, M.L., Conosciuto, G., Odriozola, H., Bretschneider, G., Poso, M.A.,N&88§hora
caninumassociated abortion in a dairy herd in Argentina. Vet. Rec. 143, 228-229.

Carreno, R.A., Schnitzler, B.E., Jeffries, A.C., Tenter, A.M., Johnson, A.M., Barta, J.R., 1998. Phylogenetic
analysis of coccidia based on 18S rDNA sequence comparison indicatésothiadrais most closely related
to ToxoplasmandNeosporaJ. Euk. Microbiol. 45, 184-188.

Cole, R.A., Lindsay, D.S., Dubey, J.P., Blagburn, B.L., 1993. Detectiddenfspora caninurin tissue sections
using a murine monoclonal antibody. J. Vet. Diag. Invest. 5, 579-584.

Cole, R.A,, Lindsay, D.S., Dubey, J.P., Toivio-Kinnucan, M.A., Blagburn, B.L., 1994. Characterization of a
murine monoclonal antibody generated against Neospora caninum by western blot analysis and immunoelectron
microscopy. Am. J. Vet. Res. 55, 1717-1722.

Cole, R.A,, Lindsay, D.S., Blagburn, B.L., Dubey, J.P., 1995a. Vertical transmissibieaspora caninunn
mice. J. Parasitol. 81, 730-732.

Cole, R.A,, Lindsay, D.S., Blagburn, B.L., Sorjonen, D.C., Dubey, J.P., 1995b. Vertical transmisbieasgfora
caninumin dogs. J. Parasitol. 81, 208-211.

Conrad, P.A., Barr, B.C., Sverlow, K.W., Anderson, M., Daft, B., Kinde, H., Dubey, J.P., Munson, L., Ardans, A.,
1993a. In vitro isolation and characterization dfl@osporasp. from aborted bovine foetuses. Parasitol. 106,
239-249.

Conrad, P.A., Sverlow, K., Anderson, M., Rowe, J., BonDurant, R., Tuter, G., Breitmeyer, R., Palmer, C., Thurmond,
M., Ardans, A., Dubey, J.P., Duhamel, G., Barr, B., 1993b. Detection of serum antibody responses in cattle
with natural or experimenta&leosporanfections. J. Vet. Diagn. Invest. 5, 572-578.

Conraths, F.J., Bauer, C., Becker, W., 1996. Nachweis von Antikdrpern gegen Neospora caninum bei Kiihen in
hessischen Betrieben mit Abort- und Fruchtbarkeitsproblemen. Dtsch. tieréztl. Wschr. 103, 221-224.

Cox, B.T., Reichel, M.P., Griffiths, L.M., 1998. Serology dllaosporabortion outbreak on a dairy farm in New
Zealand: a case study. New Zealand. Vet. J. 46, 28-31.

Cringoli, G., Capuano, F., Veneziano, V., Romano, L., Solimene, R., Barber, J.S., Trees, A.J., 1996. Prevalence
of antibodies againstieospora caninurim dog sera. Parassitologia 38, 282.

Daft, B.M., Barr, B.C., Collins, N., Sverlow, K., 1996\eosporaencephalomyelitis and polyradiculoneuritis in
an aged mare with Cushing’s disease. Equine Vet. J. 28, 240-243.

Davison, H.C., Trees, A.J., Guy, F., Otter, A., Holt, J.J., Simpson, V.R., Jeffrey, M., 1997. Isolation of bovine
Neosporan Britain. Vet. Rec. 141, 607.

Dubey, J.P., Beattie, C.P., 1988. Toxoplasmosis of Animals and Man. CRC Press, Boca Raton, FL, pp. 1-220.

Dubey, J.P., Carpenter, J.L., Speer, C.A., Topper, M.J., Uggla, A., 1988a. Newly recognized fatal protozoan disease
of dogs. J. Am. Vet. Med. Assoc. 192, 1269-1285.

Dubey, J.P., Hattel, A.L., Lindsay, D.S., Topper, M.J., 1988b. Neomgakpora caninunmfection in dogs:
isolation of the causative agent and experimental transmission. J. Am. Vet. Med. Assoc. 193, 1259-1263.

Dubey, J.P., Lindsay, D.S., 1989a. TransplaceNtdspora caninurmfection in cats. J. Parasitol. 75, 765-771.

Dubey, J.P., Lindsay, D.S., 1989b. TransplaceNmbspora caninunmnfection in dogs. Am. J. Vet. Res. 50,
1578-1579.

Dubey, J.P., Porterfield, M.L., 1990Neospora caninunfApicomplexa) in an aborted equine fetus. J. Parasitol.

76, 732-734.

Dubey, J.P., Lindsay, D.S., 199B8leospora caninurimduced abortion in sheep. J. Vet. Diagn. Invest. 2, 230-233.

Dubey, J.P., Hartley, W.J., Lindsay, D.S., Topper, M.J., 1990. Fatal congleitsipora caninurinfection in a
lamb. J. Parasitol. 76, 127-130.

Dubey, J.P., Lindsay, D.S., Anderson, M.L., Davis, S.W., Shen, S.K., 1992. Induced transplacental transmission
of Neospora caninurin cattle. J. Am. Vet. Med. Assoc. 201, 709-713.

Dubey, J.P., Metzger, F.L.J., Hattel, A.L., Lindsay, D.S., Fritz, D.L., 1995. Canine cutaneous neosporosis: clinical
improvement with clindamycin. Vet. Dermatol. 6, 37-43.

Dubey, J.P., Lindsay, D.S., 1996. A reviewNé¢ospora caninurand neosporosis. Vet. Parasitol. 67, 1-59.



362 J.P. Dubey/ Veterinary Parasitology 84 (1999) 349-367

Dubey, J.P., Lindsay, D.S., Adams, D.S., Gay, J.M., Baszler, T.V., Blagburn, B.L., Thulliez, P., 1996a. Serologic
responses of cattle and other animals infected WNitbspora caninuAm. J. Vet. Res. 57, 329-336.

Dubey, J.P., Rigoulet, J., Lagourette, P., George, C., Longeart, L., LeNet, J.L., 1996b. Fatal transplacental
neosporosis in a dee€érvus eldi siamengisJ. Parasitol. 82, 338—339.

Dubey, J.P., Jenkins, M.C., Adams, D.S., McAllister, M.M., Anderson-Sprecher, R., Baszler, T.V., Kwok, O.C.H.,
Lally, N.C., Bjorkman, C., Uggla, A., 1997. Antibody responses of cows during an outbreak of neosporosis
evaluated by indirect fluorescent antibody test and different enzyme-linked immunosorbent assays. J. Parasitol.
83, 1063-1069.

Dubey, J.P., Jenkins, M.C., Adams, D.S., McAllister, M.M., Anderson-Sprecher, R., Baszler, T.V., Kwok, O.C.H.,
Lally, N.C., Bjorkman, C., Uggla, A., 1997. Antibody responses of cows during an outbreak of neosporosis
evaluated by indirect fluorescent antibody test and different enzyme-linked immunosorbent assays. J. Parasitol.
83, 1063-1069.

Dubey, J.P., Abbitt, B., Topper, M.J., Edwards, J.F., 1998a. Hydrocephalus associatéiesgora caninum
infection in an aborted bovine fetus. J. Comp. Pathol. 118, 169-172.

Dubey, J.P., Dorough, K.R., Jenkins, M.C., Liddell, S., Speer, C.A., Kwok, O.C.H., Shen, S.K., 1998b. Canine
neosporosis: clinical signs, diagnosis, treatment, treatment and isolati@osepora caninurim mice and cell
culture. Int. J. Parasitol. 28, 1293-1304.

Dubey, J.P., Romand, S., Hilali, M., Kwok, O.C.H., Thulliez, P., 1998c. Seroprevalence of antibddessiwora
caninumandToxoplasma gondin water buffaloesBubalus bubalisfrom Egypt. Int. J. Parasitol. 28, 527-529.

Dubey, J.P., Romand, S., Thulliez, P., Kwok, O.C.H., Shen, S.K., Gamble, H.R., 1999. Prevalence of antibodies
to Neospora caninurm horses in North America. J. Parasitol., submitted for publication.

Duivenvoorden, J., Lusis, P., 1995. Neospora abortions in eastern Ontario dairy herds. Can. Vet. J. 36, 623.

Ellis, J.T., 1997 Neospora caninutrprospects for diagnosis and control using molecular methods. In: Shirley,
M.W., Tomley, F.M., Freeman, B.M. (Eds.), Control of Using Molecular Methods. In Control of Coccidiosis
into the Next Millennium. Institute for Animals Health, Compton Newbury, Berks, UK, p. 80.

Ellis, J.T., 1998. Polymerase chain reaction approaches for the detectimospora caninurand Toxoplasma
gondii. Int. J. Parasitol. 28, 1053—-1060.

Ellis, J.T., Amoyal, G., Ryce, C., Harper, P.A.W., Clough, K.A., Homan, W.L., Brindley, P.J., 1998. Comparison
of the large subunit ribosomal DNA &feosporaand Toxoplasmand development of a new genetic marker
for their differentiation based on the D2 domain. Mol. Cell. Probes 12, 1-13.

Fondevila, D., Afior, S., Pumarola, M., Dubey, J.P., 198@o0spora caninuridentification in an aborted bovine
fetus in Spain. Vet. Parasitol. 77, 187-189.

French, N.P., Davison, H.C., Clancy, D., Begon, M., Trees, A.J., 1998. ModeliNga$poraspecies infection
in dairy cattle: the importance of horizontal and vertical transmission and differential culling. Society for
Veterinary Epidemiology and Preventive Medicine, Proceedings of Meeting at the West County Hotel, Ennis,
Co. Clare, 25-27 March 1998, pp. 113-121.

Fritz, D., George, C., Dubey, J.P., Trees, A.J., Barber, J.S., Hopfner, C.L., Mehaut, S., Le Net, J.L., Longeart, L.,
1997. Neospora caninumassociated nodular dermatitis in a middle-aged dog. Canine Pract. 22, 21-24.

Fuchs, N., Sonda, S., Gottstein, B., Hemphill, A., 1998. Differential expression of cell surface- and dense granule-
associatedNeospora caninurproteins in tachyzoites and bradyzoites. J. Parasitol. 84, 753—-758.

Gottstein, B., Hentrich, B., Wyss, R., Thir, B., Busato, A., Stark, K.D.C., Miller, N., 1998. Molecular and
immunodiagnostic investigations on bovine neosporosis in Switzerland. Int. J. Parasitol. 28, 679-691.

Graham, D.A., Smyth, J.A., McLaren, |.E., Ellis, W.A., 1996. Stillbirth/perinatal weak calf syndrome: serological
examination for evidence ddeospora caninurmfection. Vet. Rec. 139, 523-524.

Gray, M.L., Harmon, B.G., Sales, L., Dubey, J.P., 1996. Visceral neosporosis in a 10-year-old horse. J. Vet. Diagn.
Invest. 8, 130-133.

Harkins, D., Clements, D.N., Maley, S., Marks, J., Wright, S., Esteban, |., Innes, E.A., Buxton, D., 1998. Western
blot analysis of the IgG responses of ruminants infected Wébspora caninurand withToxoplasma gondii
J. Comp. Pathol. 119, 45-55.

van Ham, L., Thoonen, H., Barber, J.S., Trees, A.J., Polis, |., De Cock, H., Hoorens, J.K.NESgfora caninum
infection in the dog: typical and atypical cases. Vlaams Diergeneeskd Tijdschr 65, 326-335.

Hamir, A.N., Tornquist, S.J., Gerros, T.C., Topper, M.J., Dubey, J.P., 1888spora caninurassociated equine
protozoal myeloencephalitis. Vet. Parasitol. 79, 269-274.



J.P. Dubey/ Veterinary Parasitology 84 (1999) 349-367 363

Hattel, A.L., Castro, M.D., Gummo, J.D., Weinstock, D., Reed, J.A., Dubey, J.P., 1998. Neosporosis-associated
bovine abortion in Pennsylvania. Vet. Parasitol. 74, 307-313.

Hemphill, A., 1996. Subcellular localization and functional characterization of Nc-p53, a Negsipora caninum
tachyzoite surface protein. Infect. Immun. 64, 4279-4287.

Hemphill, A., Gottstein, B., 1996. Identification of a major surface proteitNenspora caninuntachyzoites.
Parasitol. Res. 82, 497-504.

Hemphill, A., Gottstein, B., Kaufmann, H., 1996. Adhesion and invasion of bovine endothelial célksdspora
caninum Parasitol. 112, 183-197.

Hemphill, A., Felleisen, R.S.J., Connolly, B., Gottstein, B., Hentrich, B., Miller, N., 1997a. Characterization of a
cDNA-clone encoding Nc-p43, a majNieospora caninurtachyzoite surface protein. Parasitol. 115, 581-590.
Hemphill, A., Fuchs, N., Sonda, S., Gottstein, B., Hentrich, B., 1997b. Identification and partial characterization

of a 36 kDa surface protein ddeospora caninurtachyzoites. Parasitol. 115, 371-380.

Hemphill, A., Gajendran, N., Sonda, S., Fuchs, N., Gottstein, B., Hentrich, B., 1998. Identification and
characterisation of a dense granule-associated protéle@spora caninurtachyzoites. Int. J. Parasitol. 28,
429-438.

Hilali, M., Romand, S., Thulliez, P., Kwok, O.C.H., Dubey, J.P., 1998. Prevalentéeo$pora caninunand
Toxoplasma gondantibodies in sera from camels from Egypt. Vet. Parasitol. 75, 269-271.

Ho, M.S.Y., Barr, B.C., Marsh, A.E., Anderson, M.L., Rowe, J.D., Tarantal, A.F., Hendrickx, A.G., Sverlow, K.,
Dubey, J.P., Conrad, P.A., 1996. Identification of bowWe®sporgparasites by PCR amplification and specific
small subunit rRNA sequence probe hybridization. J. Clin. Microbiol. 34, 1203-1208.

Ho, M.S.Y., Barr, B.C., Rowe, J.D., Anderson, M.L., Sverlow, K.W., Packham, A., Marsh, A.E., Conrad, P.A,,
1997a. Detection dleosporasp. from infected bovine tissues by PCR and probe hybridization. J. Parasitol.
83, 508-514.

Ho, M.S.Y., Barr, B.C., Tarantal, A.F., Lai, L.T.Y., Hendrickx, A.G., Marsh, A.E., Sverlow, K.W., Packham, A.E.,
Conrad, P.A., 1997b. Detection Nkosporgrom tissues of experimentally infected rhesus macaques by PCR
and specific DNA probe hybridization. J. Clin. Microbiol. 35, 1740-1745.

Hoar, B.R., Ribble, C.S., Spitzer, C.C., Spitzer, P.G., Janzen, E.D., 1996. Investigation of pregnancy losses in
beef cattle herds associated wiNrosporasp. infection. Can. Vet. J. 37, 364—366.

Holmdahl, 0.J.M., Bjérkman, C., Stenlund, S., Uggla, A., Dubey, J.P., 1997. Bdiéosporaand Neospora
caninum one and the same. Parasitol. Today 13, 40-41.

Holmdahl, O.J.M., Mattsson, J.G., 1996. Rapid and sensitive identificatiddeo$pora caninunby in vitro
amplification of the internal transcribed spacer 1. J. Parasitol. 112, 177-182.

Homan, W.L., Limper, L., Verlaan, M., Borst, A., Vercammen, M., van Knapen, F., 1997. Comparison of the
internal transcribed spacer, ITS 1, frofoxoplasma gondiisolates, fromToxoplasma gondiisolates and
Neospora caninunParasitol. Res. 83, 285-289.

Hornok, S., Naslund, K., Hajtés, I., Tanyi, J., Tekes, L., Varga, ., Uggla, A., Bjorkman, C., 1998. Detection of
antibodies tdNeospora caninunm bovine post abortion blood samples from Hungary. Acta Vet. Hung. 46,
431-436.

Howe, D.K., Crawford, A.C., Lindsay, D., Sibley, L.D., 1998. The p29 and p53 immunodominant antigens of
Neospora caninurtachyzoites are homologous to the family of surface antigefisxdplasma gondiinfect.
Immun. 66, 5322-5328.

Howe, D.K., Mercier, C., Messina, M., Sibley, L.D., 1997. Expressiofodoplasma gondgenes in the closely-
related apicomplexan parasiieospora caninumMol. Biochem. Parasitol. 86, 29-36.

Howe, D.K., Sibley, L.D., 1997. Development of molecular geneticdNleospora caninuma complementary
system toToxoplasma gondiMethods: A companion to methods in enzymology 13, 123-133.

Huong, L.T.T., Ljungstrém, B.L., Uggla, A., Bjérkman, C., 1998. Prevalence of antibodsdspora caninum
andToxoplasma gondin cattle and water buffaloes in southern Vietnam. Vet. Parasitol. 75, 53-57.

Jardine, J.E., Wells, B.H., 1995. Bovine neosporosis in Zimbabwe. Vet. Rec. 137, 223.

Jenkins, M.C., Wouda, W., Dubey, J.P., 1997. Serological response over time to recorhl@aspora caninum
antigens in cattle after a neosporosis-induced abortion. Clin. Diagn. Lab. Immunol. 4, 270-274.

Jensen, L., Jensen, T.K., Lind, P., Henriksen, S.A., Uggla, A., Bille-Hansen, V., 1998. Experimental porcine
neosporosis. Acta Pathol. Microbiol. Immunol. Scand. 106, 475-482.

Kasper, L.H., Khan, .A., 1998. Antigen-specific CD8+ T cells protect against lethal toxoplasmosis in mice
infected withNeospora caninuminfect. Immun. 66, 1554-1560.



364 J.P. Dubey/ Veterinary Parasitology 84 (1999) 349-367

Kaufmann, H., Yamage, M., Roditi, |., Dobbelaere, D., Dubey, J.P., Holmdahl, O.J.M., Trees, A., Gottstein, B.,
1996. Discrimination oNeospora caninunfrom Toxoplasma gondiand other apicomplexan parasites by
hybridization and PCR. Mol. Cell. Probes 10, 289-297.

Khan, I.A., Schwartzman, J.D., Fonseka, S., Kasper, L.H., 198tspora caninunrole for immune cytokines
in host immunity. Exp. Parasitol. 85, 24-34.

Koudela, B., Svoboda, M., Bjorkman, C., Uggla, A., 1998. Neosporosis in dogs: The first case report in the Czech
Republic. Vet. Med. Czech. 43, 51-54.

de Kruif, A., Opsomer, G., De Meulemeester, L., 1997. Abortion on a Belgian dairy farm ddedspora
caninum Vlaams Diergeneeskundig Tijdschrift 66, 179-182.

Lally, N.C., Jenkins, M.C., Dubey, J.P., 1996a. Development of a polymerase chain reaction assay for the diagnosis
of neosporosis using théeospora caninurt4-3-3 gene. Mol. Biochem. Parasitol. 75, 169-178.

Lally, N.C., Jenkins, M.C., Dubey, J.P., 1996b. Evaluation of Nemspora caninumecombinant antigens for
use in an ELISA for the diagnosis of bovine neosporosis. Clin. Diagn. Lab. Immunol. 3, 275-279.

Lally, N., Jenkins, M., Liddell, S., Dubey, J.P., 1997. A dense granule protein (NCDG1) gené\fospora
caninum Mol. Biochem. Parasitol. 87, 239-243.

Liddell, S., Lally, N.C., Jenkins, M.C., Dubey, J.P., 1998. Isolation of the cDNA encoding a dense granule
associated antigen (NCDG2) Nkospora caninutMol. Biochem. Parasitol. 93, 153-158.

Liddell, S., Jenkins, M.C., Dubey, J.P., 1999. Vertical transmissioN@dspora caninunin BALB/c mice
determined by PCR detection. J. Parasitol., in press.

Lindsay, D.S., Dubey, J.P., 1989. Immunohistochemical diagnodieo$pora caninurin tissue sections. Am.

J. Vet. Res. 50, 1981-1983.

Lindsay, D.S., Lenz, S.D., Cole, R.A., Dubey, J.P., Blagburn, B.L., 1995a. Mouse model for central nervous
systemNeospora caninurimfections. J. Parasitol. 81, 313-315.

Lindsay, D.S., Rippey, N.S., Powe, T.A., Sartin, E.A., Dubey, J.P., Blagburn, B.L., 1995b. Abortions, fetal death,
and stillbirths in pregnant pygmy goats inoculated with tachyzoitéseofspora caninumAm. J. Vet. Res. 56,
1176-1180.

Lindsay, D.S., Kelly, E.J., McKown, R., Stein, F.J., Plozer, J., Herman, J., Blagburn, B.L., Dubey, J.P., 1996a.
Prevalence dfleospora caninurandToxoplasma gondéntibodies in coyote€Janis latran$ and experimental
infections of coyotes wittNeospora caninuml. Parasitol. 82, 657—659.

Lindsay, D.S., Steinberg, H., Dubielzig, R.R., Semrad, S.D., Konkle, D.M., Miller, P.E., Blagburn, B.L., 1996b.
Central nervous system neosporosis in a foal. J. Vet. Diagn. Invest. 8, 507-510.

Lindsay, D.S., Butler, J.M., Blagburn, B.L., 1997. Efficacy of decoquinate agsgmspora caninurtachyzoites
in cell cultures. Vet. Parasitol. 68, 35—40.

Lindsay, D.S., Lenz, S.D., Dykstra, C.C., Blagburn, B.L., Dubey, J.P., 1998. Vaccination of miched#pora
caninum response to oral challenge witloxoplasma gondiocysts. J. Parasitol. 84, 311-315.

Lindsay, D.S., Dubey, J.P., Duncan, R.B., 1999. Confirmation that dogs are a definitive iINesb§pora caninum
Vet. Parasitol. 82, 327-333.

Little, P.B., 1996. Central nervous system rendezvous: canine progressive posterior paresis. Can. Vet. J. 37, 55-56.

Long, M.T., Baszler, T.V., 1996. Fetal loss in Balb/c mice infected We&ospora caninuml. Parasitol. 82,
608-611.

Long, M.T., Baszler, T.V., Mathison, B.A., 1998. Comparison of intracerebral parasite load, lesion development,
and systemic cytokines in mouse strains infected Wigospora caninuml. Parasitol. 84, 316—320.

Longshore, R.C., 1996. What is your neurologic diagnokie@spora caninuanduced myositis. J. Am. Vet.

Med. Assoc. 208, 667—668.

Louie, K., Sverlow, K.W., Barr, B.C., Anderson, M.L., Conrad, P.A., 1997. Cloning and characterization of two
recombinanfNeosporaprotein fragments and their use in serodiagnosis of bovine neosporosis. Clin. Diagn.
Lab. Immunol. 4, 692—699.

Lundén, A., Marks, J., Maley, S.W., Innes, E.A., 1998. Cellularimmune responses in cattle experimentally infected
with Neospora caninunParasite Immunol. 20, 519-526.

Magnino, S., Vigo, P.G., Bandi, C., Colombo, M., Giuli, L.D., Fabbi, M., Genchi, C., 1998. A proposito di
neosporosiin ltalia. Summa 15, 25-27.

Marks, J., Lunden, A., Harkins, D., Innes, E., 1998. IdentificatioNebsporaantigens recognized by CD4+ T
cells and immune sera from experimentally infected cattle. Parasite Immunol. 20, 1-7.



J.P. Dubey/ Veterinary Parasitology 84 (1999) 349-367 365

Marsh, A.E., Barr, B.C., Madigan, J., Lakritz, J., Nordhausen, R., Conrad, P.A., 1996. Neosporosis as a cause of
equine protozoal myeloencephalitis. J. Am. Vet. Med. Assoc. 209, 1907-1913.

Marsh, A.E., Barr, B.C., Packham, A.E., Conrad, P.A., 1998. Description of aNemsporaspecies (Protozoa:
Apicomplexa: Sarcocystidae). J. Parasitol. 84, 983-991.

McAllister, M., Huffman, E.M., Hietala, S.K., Conrad, P.A., Anderson, M.L., Salman, M.D., 1996a. Evidence
suggesting a point source exposure in an outbreak of bovine abortion due to neosporosis. J. Vet. Diagn. Invest.
8, 355-357.

McAllister, M.M., McGuire, A.M., Jolley, W.R., Lindsay, D.S., Trees, A.J., Stobart, R.H., 1996b. Experimental
neosporosis in pregnant ewes and their offspring. Vet. Parasitol. 33, 647-655.

McAllister, M.M., Parmley, S.F., Weiss, L.M., Welch, V.J., McGuire, A.M., 1996c. An immunohistochemical
method for detecting bradyzoite antigen (BAG5)Tioxoplasma gondiinfected tissues cross-reacts with a
Neospora caninurbradyzoite antigen. J. Parasitol. 82, 354—355.

McAllister, M.M., Dubey, J.P., Lindsay, D.S., Jolley, W.R., Wills, R.A., McGuire, A.M., 1998a. Dogs are definitive
hosts ofNeospora caninurrint. J. Parasitol. 28, 1473-1478.

McAllister, M.M., Jolley, W.R., Wills, R.A,, Lindsay, D.S., McGuire, A.M., Tranas, J.D., 1998b. Oral inoculation
of cats with tissue cysts deospora caninumAm. J. Vet. Res. 59, 441-444.

McGuire, A.M., McAllister, M.M., Jolley, W.R., 1997a. Separation and cryopreservatidfeospora caninum
tissue cysts from murine brain. J. Parasitol. 83, 319-320.

McGuire, A.M., McAllister, M.M., Jolley, W.R., Anderson-Sprecher, R.C., 1997b. A protocol for the production
of Neospora caninurtissue cysts in mice. J. Parasitol. 83, 647-651.

Moen, A.R., Wouda, W., Mul, M.F., Graat, E.A.M., van Werven, T., 1998. Increased risk of abortion following
Neospora caninunabortion outbreaks: a retrospective and prospective cohort study in four dairy herds.
Theriogenoloogy 49, 1301-1309.

Morales, S.E., Ramirez, L.J., Trigo, T.F., Ibarra, V.F., Puente, C.E., Santa Cruz, M., 1998. Descripcion de un caso
de aborto bovino asociado a infeccion por Neospora sp en México. Vet. Méx. 28, 353-357.

Mduller, N., Zimmermann, V., Hentrich, B., Gottstein, B., 1996. DiagnosiN@bspora caninurandToxoplasma
gondiiinfection by PCR and DNA hybridization immunoassay. J. Clin. Microbiol. 34, 2850-2852.

Osawa, T., Wastling, J., Maley, S., Buxton, D., Innes, E.A., 1998. A multiple antigen ELISA to d&tespora
specific antibodies in bovine sera, bovine fetal fluids, ovine, ovine and caprine sera. Vet. Parasitol. 79, 19-34.

Otter, A., 1997. Neospora and bovine abortion. Vet. Rec. 140, 239.

Otter, A., Jeffrey, M., Scholes, S.F., Helmick, B., Wilesmith, J.W., Trees, A.J., 1997. Comparison of histology with
maternal and fetal serology for the diagnosis of abortion due to bovine neosporosis. Vet. Rec. 141, 487-489.

Otter, A., Wilson, B.W., 1997. Bovine abortion outbreaks associatedNeétisporaand other infectious agents.

Vet. Rec. 141, 659-660.

Packham, A.E., Sverlow, K.W., Conrad, P.A., Loomis, E.F., Rowe, J.D., Anderson, M.L., Marsh, A.E., Cray,
C., Barr, B.C., 1998. A modified agglutination test féeospora caninummDevelopment, optimization, and
comparison to the indirect fluorescent-antibody test, and comparison to the indirect fluorescent-antibody test
and enzyme-linked immunosorbent assay. Clin. Diagn. Lab. Immunol. 5, 467-473.

Paré, J., Hietala, S.K., Thurmond, M.C., 1995. An enzyme-linked immunosorbent assay (ELISA) for serological
diagnosis oNeosporasp. infection in cattle. J. Vet. Diagn. Invest. 7, 352—359.

Paré, J., Thurmond, M.C., Hietala, S.K., 1996. Congertabspora caninuninfection in dairy cattle and
associated calfhood mortality. Can. J. Vet. Res. 60, 133-139.

Paré, J., Thurmond, M.C., Hietala, S.K., 199Xeospora caninunantibodies in cows during pregnancy as a
predictor of congenital infection and abortion. J. Parasitol. 83, 82-87.

Paré, J., Fecteau, G., Fortin, M., Marsolais, G., 1998. Seroepidemiologic stddgospora caninunm dairy
herds. J. Am. Vet. Med. Assoc. 213, 1595-1598.

Pasquali, P., Mandara, M.T., Adamo, F., Ricci, G., Polidori, G.A., Dubey, J.P., 1998. Neosporosisin a dog in Italy.
Vet. Parasitol. 77, 297—-299.

Patitucci, A.N., Alley, M.R., Jones, B.R., Charleston, W.A.G., 1997. Protozoal encephalomyelitis of dogs involving
Neospora caninurandToxoplasma gondin New Zealand. N. Z. Vet. J. 45, 231-235.

Payne, S., Ellis, J., 1996. Detectionéospora caninurNA by polymerase chain reaction. Int. J. Parasitol.

26, 347-351.

Perl, S., Harrus, S., Satuchne (Goldvaser), C., Yakobson, B., Haines, D., 1998. Cutaneous neosporosis in a dog

in Israel. Vet. Parasitol. 79, 257-261.



366 J.P. Dubey/ Veterinary Parasitology 84 (1999) 349-367

Poli, A., Mancianti, F., Carli, M.A., Stroscio, M.C., Kramer, L., 1998eospora caninurmfection in a Bernese
cattle dog from ltaly. Vet. Parasitol. 78, 79-85.

Pumarola, M., Afior, S., Ramis, A.J., Borras, D., Gorraiz, J., Dubey, J.P., M&6spora caninurmfection in a
Napolitan mastiff dog from Spain. Vet. Parasitol. 64, 315-317.

Rasmussen, K., Jensen, A.L.,1996. Some epidemiologic features of canine neosporosis in Denmark. Vet. Parasitol.
62, 345-349.

Reichel, M.P., Drake, J.M., 1996. The diagnosislebsporabortions in cattle. New Zealand Vet. J. 44, 151-154.

Reichel, M.P., 1998. PrevalenceNé&osporaantibodies in New Zealand dairy cattle and dogs. New Zealand Vet.

J. 46, 38.

Reichel, M.P., Thornton, R.N., Morgan, P.L., Mills, R.J.M., Schares, G., 1998. Neosporosis in a pup. New Zealand
Vet. J. 46, 106-110.

Romand, S., Thulliez, P., Dubey, J.P., 1998. Direct agglutination test for serologic diagn¥sizspiora caninum
infection. Parasitol. Res. 84, 50-53.

Sasai, K., Lillehoj, H.S., Hemphill, A., Matsuda, H., Hanioka, Y., Fukata, T., Baba, E., Arakawa, A., 1998. A
chicken anti-conoid monoclonal antibody identifies a common epitope which is present on motile stages of
Eimeria NeosporaandToxoplasmalJ. Parasitol. 84, 654-656.

Sawada, M., Park, C.H., Morita, T., Shimada, A., Umemura, T., Haritani, M., 1997. Pathological findings of nude
mice inoculated with bovindleosporaJ. Vet. Anim. Sci. 59, 947-948.

Sawada, M., Park, C.H., Kondo, H., Morita, T., Shimada, A., Yamane, |., Umemura, T., 1998. Serological survey
of antibody toNeospora caninurim Japanese dogs. J. Vet. Med. Sci. 60, 853-854.

Schares, G., Peters, M., Wurm, R., Tackmann, K., Henning, K., Conraths, F.J. Né&85pora caninumerursacht
Aborte in einem Rinderbestand in Nordrhein-Westfalen. Dtsch. tieraztl. Wschr. 104, 208—-212.

Schares, G., Peters, M., Wurm, R., Barwald, A., Conraths, F.J., 1998. The efficiency of vertical transmission of
Neospora caninurin dairy cattle analyzed by serological techniques. Vet. Parasitol. 80, 87-98.

Schares, G., Dubremetz, J.F., Dubey, J.P. Barwald, A., Loyens, A., Conraths, F.J., l88Spora caninum
Identification of 19, 38 and 40 kDa surface antigens and a 33 kDa dense granule antigen using monoclonal
antibodies. Exp. Parasitol., in press.

Schares, G., Rauser, M., Zimmer, K., Peters, M., Wurm, R., Dubey, J.P., de Graaf, D.C., Edelhofer, R., Mertens,
C., Hess, G., Conraths, F.J., 1999b. Serological differencé&ospora caninurassociated epidemic and
endemic abortions. J. Parasitol., in press.

Simpson, V.R., Monies, R.J., Riley, P., Cromey, D.S., 1997. Foxes and neosporosis. Vet. Rec. 141, 503.

Sonda, S., Fuchs, N., Connolly, B., Fernandez, P., Gottstein, B., Hemphill, A., 1998. The major Réé&mra
caninumtachyzoite surface protein is closely related to the ma@woplasma gondisurface antigen. Mol.
Biochem. Parasitol. 97, 97-108.

Stenlund, S., Bjorkman, C., Holmdahl, O.J.M., Kindahl, H., Uggla, A., 1997. Characterisation of a Swedish
bovine isolate oNeospora caninurrParasitol. Res. 83, 214-219.

Sundermann, C.A., Estridge, B.H., Branton, M.S., Bridgman, C.R., Lindsay, D.S., 1997. Immunohistochemical
diagnosis offoxoplasma gondipotential for cross-reactivity witNeospora caninund. Parasitol. 83, 440-443.

Tenter, A.M., Johnson, A.M., 1997. Phylogeny of the tissue cyst-forming coccidia. Adv. Parasitol. 39, 139.

Thornton, R.N., Thompson, E.J., Dubey, J.P., 1989&0sporaabortion in New Zealand cattle. New Zealand Vet.

J. 39, 129-133.

Thurmond, M.C., Hietala, S.K., 1996. Culling associated W#ospora caninurmfection in dairy cows. Am.
J. Vet. Res. 57, 1559-1562.

Thurmond, M.C., Hietala, S.K., 1997a. Effect of congenitally acquidedspora caninunmfection on risk of
abortion and subsequent abortions in dairy cattle. Am. J. Vet. Res. 58, 1381-1385.

Thurmond, M.C., Hietala, S.K., 1997b. Effectidéospora caninurimfection on milk production in first-lactation
dairy cows. J. Am. Vet. Med. Assoc. 210, 672—-674.

Thurmond, M.C., Hietala, S.K., Blanchard, P.C., 1997. Herd-based diagnobleasipora caninurmduced
endemic and epidemic abortion in cows and evidence for congenital and postnatal transmission. J. Vet. Diagn.
Invest. 9, 44-49.

Uggla, A., Stenlund, S., Holmdahl, O.J.M., Jakubek, E.B., Thebo, P., Kindahl, H., Bjérkman, C., 1998. Oral
Neospora caninurmoculation of neonatal calves. Int. J. Parasitol. 28, 1467-1472.

Waldner, C.L., Janzen, E.D., Ribble, C.S., 1998. Determination of the association béteesgpora caninum
infection and reproductive performance in beef herds. J. Am. Vet. Med. Assoc. 213, 685-690.



J.P. Dubey/ Veterinary Parasitology 84 (1999) 349-367 367

Weissenbock, H., Dubey, J.P., Suchy, A., Sturm, E., 1997. Neosporose als Ursache von Encephalomalazie und
Myocarditis bei Hundewelpen. Wien. Tierérztl. Mschr. 84, 233-237.

Williams, D.J.L., McGarry, J., Guy, F., Barber, J., Trees, A.J., 1997. Novel ELISA for detectibleaspora
specific antibodies in cattle. Vet. Rec. 140, 328-331.

Woods, L.W., Anderson, M.L., Swift, P.K., Sverlow, K.W., 1994. Systemic neosporosis in a California black-tailed
deer Odocoileus hemionus columbianud. Vet. Diagn. Invest. 6, 508-510.

Wouda, W., Dubey, J.P., Jenkins, M.C., 1997a. Serological diagnosis of bovine fetal neosporosis. J. Parasitol. 83,
545-547.

Wouda, W., Moen, A.R., Visser, .J.R., van Knapen, F., 1997b. Bovine fetal neosporosis: a comparison of epizootic
and sporadic abortion cases and different age classes with regard to lesion severity and immunohistochemical
identification of organisms in brain, heart, and liver. J. Vet. Diagn. Invest. 9, 180-185.

Wouda, W., 1998Neosporaabortion in cattle, aspects of diagnosis and epidemiology, Ph.D. Thesis, University
of Utrecht.

Wouda, W., Brinkhof, J., van Maanen, C., de Gee, A.L.W., Moen, A.R., 1998a. Serodiagnosis of neosporosis
in individual cows and dairy herds: a comparative study of three enzyme-linked immunosorbent assays. Clin.
Diag. Lab. Immunol. 5, 711-716.

Wouda, W., Moen, A.R., Schukken, Y.H., 1998b. Abortion risk in progeny of cows aftiésaspora caninum
epidemic. Theriogenol. 49, 1311-1316.

Yaeger, M.J., Shawd-Wessels, S., Leslie-Steen, P., 18@dsporaabortion storm in a midwestern dairy. J. Vet.
Diagn. Invest. 6, 506-508.

Yamage, M., Flechtner, O., Gottstein, B., 199Bleospora caninumspecific oligonucleotide primers for the
detection of brain ‘cyst’ DNA of experimentally infected nude mice by the polymerase chain reaction (PCR).

J. Parasitol. 82, 272-279.

Yamane, |., Kokuho, T., Shimura, K., Eto, M., Shibahara, T., Haritani, M., Ouchi, Y., Sverlow, K., Conrad, P.A.,

1997. In vitro isolation and characterisation of a bouNepsporaspecies in Japan. Res. Vet. Sci. 63, 77-80.



